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follow the prevailing dogma of reciprocal inactivation/activa-Imprinted mesodermal specific transcript (MEST) and H19
tion of imprinted genes, and such a decrease may be responsiblegenes in renal development and diabetes.
for the perturbed epithelial:mesenchymal interactions leadingBackground. Imprinted genes, mesodermal specific cDNA
to dysmorphogenesis of the mammalian metanephros.or transcript (MEST) and H19, are implicated in peri-implanta-
tion embryogenesis, and their expression was assessed in embry-
onic kidneys undergoing glucose-induced dysmorphogenesis.
Methods. MEST and H19 mRNA expression was assessed Mammalian renal organogenesis proceeds by interca-by Northern blot analysis in embryonic kidneys of mice har-
lation of the ureteric epithelial bud into the mesenchyme,vested at day 15 to day 19 of gestation and of 1-week-old mice
and as a result, the latter undergoes a conversion intoobtained from hyperglycemic mothers. A full-length mouse
MEST cDNA was isolated, subcloned into an expression vector, an epithelial phenotype, which, in turn, stimulates the
a recombinant protein prepared and an antibody raised; the branching morphogenesis of the ureteric bud branches
latter was used to assess protein expression by immunoprecipi- [1–3]. These inductive interactions are followed by atation and immunofluorescence microscopy in day 13 metaneph-
series of developmental changes leading to the formationric explants subjected to high glucose ambience. Also, MEST
of glomeruli and tubules. During the latter part of themRNA expression was assessed in high d glucose–treated ex-
plants by competitive reverse transcription-polymerase chain gestation, the glomeruli are capillarized by two distinct
reaction (RT-PCR) analyses and by in situ tissue autoradiog- processes (i.e., vasculogenesis and angiogenesis) [4].
raphy.
Fundamental to the understanding of the inductive neo-Results. A high expression of MEST and H19 with respective
transformation of the mesenchyme are the moleculestranscript size of 2.7 and 2.4 kb was observed in fetal kid-
neys, and their expression decreased during the successive stages that are expressed at the epithelial:mesenchymal inter-
of gestation and was undetectable in the postnatal period. At face or ligands expressed in the mesenchyme and recep-
day 13, the MEST mRNA was expressed in the mesenchyme, tors in the ureteric bud epithelium or vice versa. In such
while H19 was expressed in the ureteric bud branches and epithe-
a scenario, one can envision that there may be a vastlial elements of the metanephros. Their expression decreased
number of molecules expressed in the mesenchyme orwith progression of gestation. By competitive RT-PCR and
Northern blot and in situ autoradiographic analyses, both MEST in the epithelial ureteric bud branches that could modu-
and H19 expressions decreased in day 13 explants treated with late the development of the metanephros [5–10]. The
high glucose and in the kidneys of fetuses obtained from dia- concept of epithelial:mesenchymal interactions in organ-betic mothers. The MEST protein expression was observed in
ogenesis originated from studies performed with variousthe metanephric epithelial elements and ureteric bud branches
extracellular matrix (ECM) proteins, in particular theinstead of in the mesenchyme, and its expression decreased
in glucose-treated dysmorphogenetic explants, as assessed by proteoglycans [11, 12]. However, as our knowledge ad-
immunofluorescence and immunoprecipitation methods. vanced it appears that such paracrine/juxtacrine interac-
Conclusion. MEST and H19 imprinted genes are strategi- tions are not exclusive to ECM proteins but are applica-cally located in the mammalian embryonic metanephros. They
ble to other molecules, including growth factors andare developmentally regulated and their concomitant decreased
expression in high glucose ambience or diabetic state did not receptors. For instance, c-ret, a proto-oncogene and a
tyrosine kinase receptor, is expressed in the ureteric bud
epithelium, while its ligand, glial-derived nerve growthKey words: mesodermal specific transcript, H19, renal development,
diabetic nephropathy, glucose. factor (GDNF), is expressed in the mesenchyme [13, 14].
Along these lines, other developmentally regulated mol-Received for publication September 5, 2002
ecules that could exert epithelial:mesenchymal para-and in revised form October 24, 2002
Accepted for publication December 17, 2002 crine/juxtacrine interactions in embryonic metanephros
need to be identified. 2003 by the International Society of Nephrology
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For the search of new molecules that may play a role the terms “newborn” and “day 19” are used interchange-
ably in this investigation.in developmental processes, a number of subtractive hy-
bridization techniques have been employed in recent
Induction of diabetesyears [15–19] with the premise that their time-specific
On day 13 of gestation, diabetic state was induced byexpression would be relevant to that particular stage of
an intraperitoneal injection of streptozotocin (STZ), 200embryonic development for a given organ system. In
mg/kg body weight (Sigma-Aldrich Chemical Co., St.other words, the relevant molecule would be up-regu-
Louis, MO, USA), in a citrate buffer at pH 4.6. Controllated at a given stage of embryonic development and
mice received citrate buffer only. At day 15 of gestation,can be differentially subtracted from the stage at which
blood glucose was measured, using a blood glucose moni-its expression, in relative terms, is diminished or down-
tor (Boehringer Mannheim, Inc., Indianapolis, IN, USA),regulated. In our previous studies, by suppression sub-
and the female mice with blood glucose levels250 mg/dLtractive hybridization-polymerase chain reaction (SSH-
were selected for continuation of their pregnancy. ThePCR) a number of developmentally regulated mRNA
embryos at day 15, 17, and 19 (newborn) of control nondia-transcripts were identified in the mouse embryonic meta-
betic and diabetic mothers were harvested and their kid-nephros [18]. Among them were two imprinted genes,
neys isolated, snap-frozen in liquid nitrogen, and pro-MEST and H19, that exhibited concordant develop-
cessed for mRNA expression by Northern blot analysesmental regulation. In view of such a concordance, their
and in situ hybridization. In addition, kidneys of 1-week-spatiotemporal expression in renal organogenesis during
old mice infants from diabetic mothers were also col-embryonic development was investigated in this commu-
lected. The diabetic state in 1-week-old animals wasnication.
maintained by an additional injection of STZ with a re-In addition, studies were extended to assess their ex-
duced dose of 100 mg/kg body weight at the time of birth.pression in metanephroi undergoing aberrant organo-
genesis under the influence of various biological stresses Metanephric organ culture system
(e.g., hyperglycemia or high glucose ambience). The im-
Kidney explants were harvested at day 13 of gestationpetus to investigate organogenesis under hyperglycemic
and maintained in an organ culture for 72 hours in astress is derived from our previous observations where
humidified incubator with a mixture of 95% air and 5%the remarkable deformities in explants treated with high
CO2 at 37C, the details of which are included in ourd-glucose were observed [20, 21]. The explants exhibited
previous publications [20–22]. The culture medium con-branching dysmorphogenesis of the ureteric bud branches,
sisted of equal volumes of Dulbecco’s modified Eagle’sapoptosis of the metanephric mesenchyme, and mark-
medium and Ham’s nutrient mixture F12 (Sigma-Aldrich
edly reduced synthesis of ECM proteoglycans. Since the
Chemical Co.) supplemented with transferrin (50g/mL),
proteoglycans are one of the essential molecules that are penicillin (100 g/mL), and streptomycin (100 g/mL);
developmentally regulated and influence morphogenesis and the pH was maintained at 7.4. The medium was
of various mammalian organ systems, their decreased devoid of insulin, serum, selenium, or any other growth
expression at the epithelial:mesenchymal interface in factors. For high glucose ambience, the d-glucose con-
high glucose ambience was considered to be responsible centration in the medium was raised from 5 to 30 mmol/L,
for the dysmorphogenesis of the fetal metanephros. In and the explants were exposed for 3 days and processed
keeping with these observations, studies were under- for competitive reverse transcription-polymerase chain
taken to assess as to whether the expression of the devel- reaction (RT-PCR), in situ hybridization and immuno-
opmentally regulated imprinted molecules, MEST and fluorescence microscopy and immunoprecipitation stud-
H19, are altered in the embryonic kidney subjected to ies. As another osmotic control, the explants were also
high glucose or hyperglycemic stress. exposed to 30 mmol/L l-glucose in the medium.
Northern blot analyses
METHODS
Total RNA was isolated from kidneys of day 15, 17,
Animals 19 (newborn) of gestation and 1-week-old mice by acid
Paired male:female mating of 3-month-old Institute guanidinium isothiocynate-phenol-chloroform extraction
for Cancer Research (ICR) mice (Harlan Co., Indianap- method [23]. Total RNA (2 g) was subjected to 1.5%
olis, IN, USA) was carried out, and appearance of the agarose gel electrophoresis containing 2.2 mol/L formal-
vaginal plug was designated as day 0 of the fetal gesta- dehyde and capillary-transferred to the Hybond N ny-
tion. Kidneys from fetuses at day 13, 15, 17, and 19 of lon membranes (Amersham Co., Piscataway, NJ, USA).
gestation and from newborn and 1-week-old mice were After ultraviolet cross-linking, the RNA to the membranes
obtained. The kidneys from day 19 embryos and new- (UV Stratalinker 2400, Stratagene Co.), prehybridi-
zation was carried out at 65C for 4 hours in a solu-borns exhibit minimal morphologic differences and thus
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tion containing 5  standard sodium citrate (SSC), 5  of ethanols, air-dried, coated with NTB2 photographic
emulsion (Eastman Kodak, Rochester, NY, USA), andDenhardt’s, 0.5% sodium dodecyl sulfate (SDS), and
100 g/mL herring sperm DNA. The membranes were tissue autoradiograms prepared after 1 to 2 weeks of expo-
sure. The sections were stained with Meyer’s hematoxylinthen hybridized with [32P] deoxycytidimine triphosphate
([32P]dCTP)-labeled (1  106 cpm/mL) partial-length and eosin solution (Sigma Chemical Co., St. Louis, MO,
USA) and then photographed with a light microscopeMEST and H19 cDNAs at 65C for 18 hours [18–20].
The same membranes were also hybridized with radiola- equipped with darkfield oblique and transillumination.
beled -actin cDNA. The blots were washed under high
MEST and H19 mRNA expression in D-glucose-treatedstringency conditions and autoradiograms prepared. The
metanephroi by competitive RT-PCRintegrity of RNAs and their equal loading in various
lanes was monitored by visualization of the intact 18S To assess the effect of high glucose ambience on
mRNA expression of day 13 kidneys, competitive RT-and 28S bands on the nylon membrane stained with
0.05% methylene blue in 0.5 mol/L sodium acetate. PCR analyses were carried out on explants treated for
3 days as described previously [19, 20]. The reason for
Tissue expression of MEST and H19 genes by harvesting the explants on the third day of culture was
in situ hybridization that the MEST expression and H19 tends to diminish
normally during the later stages of the culture (beyondTo evaluate the spatiotemporal gene expression of
MEST and H19 in day 13 embryonic kidneys exposed 5 days) when the nascent nephrons have relatively ma-
tured in the metanephros. Total RNAs were isolatedto high glucose ambience and in kidneys of day 15, 17,
newborn, and 1-week-old mice from diabetic mothers, in from 50 explants per variable by the acid guanidinium
isothiocyanate-phenol-chloroform extraction method [23].situ hybridization was performed as previously described
[18, 19]. Briefly, partial-length MEST and H19 cDNAs, Extracted RNAs were treated with RNase-free DNase
(Boehringer Mannheim Co.), followed by an ethanol pre-isolated previously [18, 19], were subcloned into pBlue-
Script KS() (Stratagene, La Jolla, CA, USA) at the cipitation. About 1 g of total RNAs, from each variable
were subjected to first-strand cDNA synthesis usingEcoRI site, and it was used as a template to generate
[35S] uridine triphosphate ([35S]UTP)-labeled sense and mouse Maloney murine leukemia virus (MMLV)-RT
and oligo(dT) as a primer. The cDNAs from differentantisense riboprobes by employing T7 and T3 RNA poly-
merase included in the Riboprobe in vitro Transcription variables were suspended in 1 L of deionized and auto-
claved water and stored at 70C until further use. ForSystem kit (Promega, Madison, WI, USA). The ribo-
probes were subjected to limited alkaline hydrolysis to the analysis of MEST, mRNA in the d-glucose–treated
explants, the respective sense and antisense primers wereyield polynucleotide fragments with size range of 100 to
150 bp, which were then purified by ethanol precipita- 5-CCATGGTGCGCCGAGATCGCTTGC-3 and 5-
CCAGCTCAGAAGGAGTTGATGAAG CCC-3. Fortion. The purified riboprobes were used for hybridizing
with tissue sections of kidneys harvested from day 13 to the analysis of H19 mRNA, the respective sense and anti-
sense primers used were 5-CGCCTTGTCGTGAAGCCday 19 embryos, newborn, and 1-week-old mice. The kid-
neys were fixed by immersion in 4% phosphate-buffered GTC-3 and 5-GACGACAGGTGGGTACTG GGG-3.
For -actin, the respective sense and antisense primersparaformaldehyde for 3 hours at 4C. They were dehy-
drated in graded series of ethanols and embedded in were 5-GACGAC CATGGAGAA GATCTGG-3 and 5-
GAGGATGCG GCAGTGCGGAT-3 [24]. Using theseparaffin. Tissue sections (3 m thick) were prepared
and mounted on glass slides coated with VectabondTM primers and “wild-type” renal cDNA, the expected PCR
product sizes would be 1015 bp for mouse MEST, 641(Vector Laboratories, Inc., Burlingame, CA, USA). The
tissue sections were deparaffinized, hydrated, treated bp for H19, and 461-bp for -actin, respectively. A com-
petitive “mutant” DNA construct containing MEST andwith 0.2 N HCl, deproteinated by proteinase-K treatment,
and acetylated with 0.1 mol/L triethanolamine and H19 sequences was synthesized by inserting these sense
and antisense primers in the “minigene” construct. The0.25% acetic anhydride. After washing the sections with
2  SSC, they were prehybridized with hybridization latter construct, containing sequences of various other
genes, is available in our laboratory (GenBank accessionsolution [50% formamide, 10% dextran sulfate, 1Den-
hardt’s solution, 10 mmol/L Tris-HCl, pH 8.0, 0.3 mol/L # U17140) [20]. Using these primers, the expected size of
the competitive MEST, H19, and -actin PCR productNaCl, 1 mmol/L ethylenediaminetetraacetic acid (EDTA),
10 mmol/L dithiothreitol (DTT)] at 55C for 4 hours; would be 534, 429, and 221 bp, respectively. This modi-
fied minigene construct was used for the mRNA analysesfollowed by hybridization with [35S]UTP-labeled MEST
and H19 riboprobes at 55C for 15 hours. After hybrid- of the MEST and H19, and -actin served as a control
in these RT-PCR studies.ization, the tissue sections were washed successively with
2, 1, and 0.5 SSC in the presence of 1 mmol/L For quantitative RT-PCR analyses, a fixed amount
(1 L) from d- and l-glucose–treated metanephroi andDTT. The sections were dehydrated in graded series
Kanwar et al: Imprinted genes in renal development and diabetes 1661
serial logarithmic dilutions of the competitive template medium, and the culture was extended for another 5 hours.
DNA (0.5 g/L) of MEST, H19, and -actin cDNAs The cells were harvested by centrifugation at 5000  g,
were co-amplified [19, 20]. The reaction mixture included the pellet was resuspended in an ice-cold binding buffer
5 L of 10  PCR buffer, 250 mol/L of each dNTPs, containing 5 mmol/L imidazole/0.5 mol/L NaCl/20
10 mol/L of sense and antisense primers and 2.5 U Taq mmol/L Tris-HCl, pH 7.9 (Buffer A), and the cells were
polymerase (Perkin-Elmer Corp., Boston, MA, USA) in disrupted by sonication. The inclusion bodies were col-
a total volume of 50 L. The amplification reaction was lected by centrifuging the lysate at 20,000  g at 4C for
carried out for a total of 30 cycles in a DNA Thermal 30 minutes. The pellet was resuspended in a denaturing
Cycler (Perkin-Elmer Corp.). Each cycle consisted of binding buffer (Buffer A  6 mol/L urea 	 Buffer B),
denaturation at 94C for 1 minute, annealing at 55C for kept on ice for 1 hour and again recentrifuged. The
2.5 minutes, and extension at 72C for 2.5 minutes. The supernatant was then loaded onto a nickel-charged col-
PCR products of wild-type and mutant MEST, H19, and umn. The column was washed with the Buffer B and
-actin were analyzed by 2% agarose gel electrophoresis, washing buffer. The latter was made up of 60 mmol/L
and photographed using an instant positive/negative film imidazole, 0.5 mol/L NaCl, and 20 mmol/L Tris-HCl, pH
(Polaroid Corp., Spencerville, MD, USA). The negatives 7.9. The nickel-bound proteins were eluted with a elution
were analyzed by a scanning densitometer (Hoefer Sci- buffer, containing 1 mol/L imidazole/0.5 mol/L NaCl/20
entific Instruments, San Francisco, CA, USA), and the mmol/L Tris-HCl, 6 mol/L urea, pH 7.9 (Buffer C). Pro-
relative area underneath the tracings was computed. The tein content in each of the eluted fraction was measured.
ratios between the densitometric readings of wild-type The fractions with high content of proteins were pooled,
and mutant PCR-DNA products were plotted using a dialyzed successively against 0.1 mol/L phosphate-buf-
logarithmic scale on the ordinate (y-axis) against the fered saline (PBS), pH 7.4, and autoclaved deionized
logarithmic dilutions of the competitive template DNA water. They were then lyophilized and stored at 70C.
on the abscissa (x-axis). The purity of the isolated protein was assessed by sodium
dodecyl sulfate-polyacrylaminde gel electrophoresis (SDS-Isolation of a full-length mouse MEST cDNA
PAGE) analysis.
Initially, phage DNA was prepared from mouse kid- Polyclonal antibodies were raised in rabbits by subcu-
ney 
ZAP cDNA library that is available in our labora- taneous injection of 1 mg of fusion protein emulsified
tory [25]. The cDNA library was screened using the with incomplete Freud’s adjuvant. Four weeks after the
partial-length MEST cDNA, and the procedural details first injection, the rabbits were given three booster injec-
of the screening and isolation of cDNA clones have been
tions at intervals of 4 weeks for 3 months. Three weeks
detailed in our previous publications [22, 25]. Five clones
after the last booster injection, the rabbits were bled andwere isolated and sequenced and then subcloned into
antisera collected. The specificity of the antibody waspBluescript phagemid KS() (Stratagene). The sequences
determined by Western blot analysis as described pre-were compared by using on-line homology search BLAST
viously [26].program. One of the isolated clones included an open
reading frame of 1005 bp with a putative translated prod- Tissue expression of MEST by immunofluorescence
uct of 335 amino acids. This clone was used for genera- microscopy
tion of fusion protein and the antibody.
Embryonic kidneys were harvested at day 13 of gesta-
tion and treated with 5 and 30 mmol/L l- and d-glucoseGeneration and characterization of recombinant
fusion protein and antibody production for 72 hours in a metanephric culture medium. They were
then snap-frozen in chilled isopentane and embedded inEcoRI and HindIII sites were introduced at the 5 and
22-oxacalcitriol (OCT) compound (Miles Laboratories,3 end of the full-length clone isolated above by PCR and
Torrance, CA, USA). Cryostat sections (4 m thick)ligated into the pTrcHis2A plasmid (Invitrogen, Carls-
were prepared and air-dried. They were washed withbad, CA, USA) that has (HIS)6 tag at its C-terminus. The
0.01 mol/L PBS, pH 7.4, followed by incubation withpTrcHis2A expression construct was sequenced to ensure
polyclonal anti-MEST antibody or preimmune serumproper in-frame ligation, Taq polymerase fidelity and their
for 60 minutes in a humidified chamber at 24C. After5 and 3 end orientation. Following which, transformation
washing with PBS, sections were incubated with fluores-was performed by using bacterial host BL21(DE3) (Nova-
cein isothiocyanate (FITC)-conjugated goat antirabbitgen, Madison, WI, USA). Two different colonies were
immunoglobulin G (IgG) antibody for 30 minutes. Theypicked, and the bacteria were allowed to grow in Lauria-
were washed three times with PBS, and then examinedBestimi medium until an A600 of 0.6 was achieved. Ex-
with an ultraviolet light microscope equipped with epi-pression of fusion proteins was induced by the addition
of 1 mmol/L isopropyl-1-thio-D-galactopyranoside in the illumination.
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Expression of de novo synthesized MEST in mouse readily visualized even with the application of 0.5 g
of total RNA isolated from day 13 mouse metanephricembryonic kidneys
explants, as indicated in our previous publication [18, 19].The embryonic kidneys, harvested at day 13 and
The mRNA expression slowly decreased during the vari-treated with 5 mmol/L d-glucose or 30 mmol/L d- or
ous stages of gestation extending into the postnatal pe-l-glucose, were labeled with [35S]methionine (0.25 mCi/
riod and was barely detectable in kidneys of 1-week-oldmL) for 12 hours prior to the termination of the culture.
mice, suggesting that MEST and H19 are developmen-They were rinsed with the culture media. The explants
tally regulated. No alternative spliced isoform of MESTwere then lysed in an extraction buffer (50 mmol/L Tris-
mRNA transcript was seen throughout the embryonicHCl, pH 7.5, 50 mmol/L NaCl, 10 mmol/L EDTA, 0.2%
development and in the postnatal period (Fig. 1 A andNaN3, 1% Triton X-100, 0.25 mmol/L DTT, 10 mmol/L
D). The kidneys of mice harvested from diabetic mothersbenzamidine-HCl, 10 mmol/L ε-amino--caproic acid
revealed two- to fivefold decrease in the mRNA expres-and 2 mmol/L phenylmethanesulfonyl fluoride) by shak-
sion for both MEST and H19. The MEST mRNA expres-ing vigorously for 2 hours at 4C. The extract was cen-
sion in kidneys of diabetic animals was relatively moretrifuged at 10,000  g for 30 minutes at 4C, and the
affected compared to H19 by comparable degree of hy-supernatant was saved. The protein concentration was
perglycemia (Fig. 1 D vs. A). The -actin expression inadjusted to 100 g/mL. Immunoprecipitation was per-
mouse kidneys was constant throughout the embryonicformed by adding 10 L (10 g/mL of lyophilized IgG
and postnatal periods, and it was unaltered in mice withfraction) of polyclonal anti-MEST antibody to 0.5 mL
hyperglycemic state (Fig. 1 C and F). The loading of equal(5  106 dpm) of the supernatant. The supernatants
amounts of total RNA from various developmental andcontaining equal amounts of radioactivity (control vs.
neonatal stages was confirmed by methylene blue stain-diabetic) were employed for immunoprecipitation. The
ing of the blot, where densities of 28S and 18S RNAmixture was gently swirled in an orbital shaker at 4C
were similar in all the 8 lanes (Fig. 1 B and E).for 15 hours. After addition of 80L of protein-A Sepha-
rose 4B (Pharmacia LKB Biotechnology, Piscataway,
Gene expression studies in D-glucose treated day 13
NJ, USA), the antigen-antibody mixture was incubated
metanephric explants
for 1 hour at 4C. The complex was then microfuged for 10
To study the effect of high glucose on day 13 explants,seconds and then washed three times with the extraction
competitive RT-PCR analyses were performed. Thesebuffer. The immunoprecipitated complex was dissolved
analyses were deemed necessary since the mouse day 13in a sample buffer (4% SDS, 150 mmol/L Tris-HCl, pH
renal explant size is quite small and large number of6.8, 20% glycerol, 0.1% bromophenol blue and 10%
explants per variable (200) are required to isolate suf--mercaptoethanol), boiled for 5 minutes, and subjected
ficient RNA to assess the expression by Northern blotto 10% SDS-PAGE. The gels were fixed in 10% acetic
analysis. In the control (5 mmol/L glucose or 30 mmol/Lacid and 10% methanol, treated with 1 mol/L salicylic
l-glucose–treated explants), a linearity in the ratios ofacid, vacuum dried, and autoradiograms prepared.
wild to mutant MEST or H19 DNA could be maintained
when plotted against the 101 to 107 serial logarithmic
RESULTS dilutions of the competitive (mutant) template DNA.
Within this range of dilutions, the bands of wild-type andThe effect of high glucose ambience on metanephric
explants harvested day 13 of gestation has been de- mutant DNA were discernible for densitometric analyses
to obtain a ratio. The densitometric graphic plots are notscribed in previous publications [20, 21]. Similar to the
glucose-induced dysmorphogenesis in the day 13 meta- included here because they have been previously shown
in several of our publications for other genes [19, 20, 22,nephric explants, the embryos harvested at day 15, 17, and
19 of gestation and 1-week-old mice infants from diabetic 25], and thus only the raw data (i.e., electrophoreto-
grams) are included (Fig. 2). A ratio of 1 was obtainedmothers revealed smaller-sized kidneys and delayed matu-
ration of the nephrons compared to the controls. at dilutions of 101 to 102 of the competitive mutant
DNA for control MEST group (Fig. 2A, double-headed
Developmental expression of MEST and H19 in arrow). In the experimental group (30 mmol/L d-glu-
kidneys harvested from fetal and neonatal mice of cose–treated explants), a ratio of 1 was obtained at dilu-
diabetic mothers tions of 103 to 104 of the competitive DNA (Fig. 2B,
double-headed arrow). This suggests a decrease in theNorthern blot analyses revealed a single mRNA tran-
script of2.7 kb and 2.4 kb for MEST and H19 genes, order of more than two logs of mRNA expression in the
high d-glucose–treated explants. Similarly for the H19,respectively, at day 15 of gestation (Fig. 1 A and D,
arrows). With the application of 2 g of total RNA, the ratio shifted from 101 to 102 to 102 to 103 of
the competitive mutant DNA in high d-glucose–treateda strong signal for MEST as well as H19 mRNA was
observed. The MEST and H19 mRNA transcript can be explants compared to the control (Fig. 2 C and D), indi-
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Fig. 1. Developmental mRNA expression of
mesodermal specific transcript (MEST) and
H19 genes in embryonic and neonatal mice
kidneys harvested from diabetic mothers.
Northern blot analysis of total RNA of embry-
onic, neonatal, and postnatal mice kidneys re-
veals a single 2.7 kb and 2.4 kb size tran-
script for MEST and H19, respectively (A and
D, arrow). The mRNA expression of both the
genes decreases with gestation, starting from
day 15 and extending into the postnatal pe-
riod, but is detectable in kidneys of 1-week-
old normoglycemic control (C) mice. While
in diabetic (D) state the mRNA expression is
two- to fivefold less compared to the corre-
sponding stage of the gestational or postnatal
period. The effect of hyperglycemia seems to
affect the MEST expression relatively more
compared to that of H19 (A vs. B). The
mRNA expression of-actin remains constant
throughout the entire course of development
of the kidney and is unaffected by diabetic
state (C and F). The loading of equal amounts
of total RNA in all the 8 lanes is confirmed
by staining the blot with methylene blue,
where the intensity of 28S and 18S bands
seems to be similar (B and E). NB is newborn.
Fig. 2. Competitive reverse transcription-
polymerase chain reaction (RT-PCR) analy-
ses of mRNA expression of mesodermal spe-
cific transcript (MEST) (A and B ), H19 (C
and D ), and -actin (E and F ) cDNAs, pre-
pared from control (5 mmol/L D-glucose/30
mol/L L-glucose-treated) and metanephroi
treated with 30 mmol/L D-glucose. In the
MEST control (A), a ratio of 1 is observed
between the wild-type and mutant DNA at
101 to 102 log dilutions of the competitive
(mutant) DNA (lanes 1 and 2, double-headed
arrow), while in the high d-glucose-treated
group (B), it is at 103 to 104 log dilutions
(lanes 3 and 4, double-headed arrow). This
indicates 100- to 1000-fold reduction in the
MEST mRNA expression in the high d-glu-
cose–treated metanephroi. In the H19 control
(C), a ratio of 1 is observed between the wild-
type and mutant DNA at 101 to 102 log
dilutions of the competitive (mutant) DNA
(lanes 1 and 2), while in the high d-glucose–
treated group (D), it is at 102 to 103 log
dilutions (lanes 2 and 3), indicating 10- to 100-
fold reduction in the H19 mRNA expression
in the high d-glucose–treated metanephroi.
No notable differences in the wild-type vs.
mutant ratios are observed in the -actin low
(E) and high d-glucose–treated groups (D),
and the ratio of 1 is observed between 102
to 103 log dilutions of the competitive DNA
(lanes 2 and 3) in both the groups.
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cating a one to two log decrease in the mRNA expres- ron. At day 15, the H19 mRNA expression was similar
sion. However, for -actin, no significant differences in to that observed at day 13, but polar distribution of
the linearity relationship in the range of logarithmic dilu- expression could be distinctly visualized (Fig. 4C, arrow-
tions of the competitive DNA between the two groups heads). At day 17 and in newborn kidney, the expression
(-actin control and high d-glucose) were observed. A successively decreased and was confined to the subcapsu-
ratio of 1 was obtained at dilutions of 102 to 103 of lar nascent nephrons, where polar distribution persisted
the competitive mutant DNA for both the control and (Fig. 4 E and G, arrowheads). Interestingly, the mRNA
high d-glucose–treated groups (Fig. 2 E and F). expression could be seen maturing ureteric bud branches
at day 17 (Fig. 4E). In kidneys of 1-week-old mice, a
Spatiotemporal developmental mRNA expression of mild mRNA signal could be visualized underneath the
MEST and H19 in kidneys harvested from fetal and renal cortex in some of the maturing nascent nephrons,
neonatal mice of diabetic mothers and those treated whereas no expression in the cortical or medullary tu-
with high D-glucose bules was detected (Figs. 4I).
To confirm the developmental mRNA expression and Treatment of day 13 embryonic explants with 30
to delineate the spatiotemporal distribution of MEST, mmol/L d-glucose for 3 days in culture caused a marked
in situ hybridization studies were performed. At day 13, a reduction in the size of the metanephroi and reduced
heavy mRNA expression of MEST was observed, which expression of the H19 mRNA in the remaining nascent
seemed to be localized mainly to the metanephric mesen- nephrons (Fig. 4B). There was marked reduction in the
chyme (Fig. 3A). No signal was noted in the ureteric bud population of nascent nephrons as well. The H19 mRNA
branches and in the epithelial elements of the maturing expression was notably reduced in the embryonic and
nascent nephrons. At day 15, the MEST mRNA expres- neonatal kidneys of mice harvested from hyperglycemic
sion was relatively reduced compared to day 13, but still mothers as compared to control. The reduction, although
quite high in the metanephric mesenchyme (Fig. 3C). relatively less compared metanephric explants treated
At day 17 and in newborn kidney, the expression succes- in vitro, was appreciable at day 15 to 19 (newborn) and
sively decreased and was confined to the subcapsular 1-week-old mice kidneys (Fig. 4 C, E, G, and I vs. D,
metanephric mesenchyme (Fig. 3 E and G). No expres- F, H, and J). In kidneys of 1-week-old mice, the H19
sion was seen in developing cortical or medullary tubules. expression was detectable in the residual subcapsular
In kidneys of 1-week-old mice, a very weak mRNA signal nascent nephrons with polar or crescentic distribution,
could be visualized underneath the renal cortex, whereas while it was absent in the diabetic group (Fig. 4 I vs. J).
expression in the cortical or medullary tubules remained
absent (Fig. 3I). Very mild mRNA expression of MEST Generation and characterization of MEST
above the background level was also seen in the mesan- recombinant fusion protein and antibody
gial regions of glomeruli and in the interstitium. (Fig.
Using pTrcHis2A expression vector and prokaryotic3I, arrowheads).
BL21(DE3) bacterial host, a MEST recombinant proteinTreatment of day 13 embryonic explants with 30
was isolated. A prominent band of38 kD was observedmmol/L glucose for 72 hours caused notable reduction
in the Escherichia coli culture lysates of two differentin the size of the metanephroi and reduced expression
cDNA clones after isopropylthiogalactoside (IPTG) in-of the MEST mRNA in the metanephric mesenchyme
duction by SDS-PAGE analysis (Fig. 5A). After Ni(Fig. 3B). Similarly, the size of the kidneys harvested
column affinity chromatography, a single band corre-from embryos of diabetic mothers at day 15, 17, newborn,
sponding to 38 kD was observed in both the cDNAand 1-week-old mice were relatively small (Fig. 3 D to
clones (Fig. 5A). The excess 4 kD mass presumably isJ). Also, the MEST mRNA expression was notably re-
derived from the c-myc-(His)6-tag. The authenticity ofduced in the embryonic and neonatal kidneys of mice
the recombinant protein was confirmed by Western blotharvested from hyperglycemic mothers as compared to
analysis using anti-His-tag antibody. A major prominentcontrol. The reduction was appreciable at day 15 to 19
band of 38 kD and another very faint band of 34 kD(newborn) (Fig. 3 C, E and G vs. D, F, and H). While
were observed (Fig. 5B). The latter may be a degradationin kidneys of 1-week-old mice the MEST expression was
product of the higher molecular weight band. The fusiondetectable in the glomeruli but reduction was somewhat
protein was used for generation of a rabbit polyclonalsubtle (Fig. 3I vs. J, arrowheads).
antibody. The authenticity of the antibody was confirmedFor H19 gene, at day 13, a heavy mRNA expression
by Western blot analyses, where the recombinant proteinwas observed, and it was mainly confined to the ureteric
was subjected to SDS-PAGE. A single band of 38bud branches and nascent nephrons (Fig. 4A). No signal
kD was obtained for the recombinant protein generatedwas noted in the metanephric mesenchyme. The expres-
from two different cDNA clones (Fig. 5C), suggestingsion had crescentic distribution in the nascent nephrons
that the polyclonal antibody is specific for the MESTand at high magnification one could appreciate to be
localized to one pole of the S-shaped body of the neph- fusion protein.
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Fig. 3. Spatiotemporal mRNA expression of mRNA expression of me- Fig. 4. Spatiotemporal mRNA expression of H19 gene, as assessed by
in situ autoradiography, in embryonic (day-15 and -17), newborn (NB),sodermal specific transcript (MEST ) gene, as assessed by in situ autora-
diography, in embryonic (day 15 and day 17), newborn (NB) and and 1-week-old mice kidneys harvested from normoglycemic and hyper-
glycemic mothers, and day 13 metanephric explants treated with 51-week-old mice kidneys harvested from normoglycemic and hypergly-
cemic mothers, and day 13 metanephric explants treated with 5 mmol/L mmol/L and 30 mmol/L D-glucose. At day 13, H19 is heavily expressed
in the ureteric bud branches (U) and epithelial elements of the meta-and 30 mmol/L d-glucose. At day 13, MEST is heavily expressed in the
metanephric mesenchyme (A ). No mRNA expression is seen in the nephros (A ). No mRNA expression is seen in the metanephric mesen-
chyme. At day 15, expression persists in the ureteric bud branches andureteric bud branches (U) and epithelial elements of the developing
nephrons (B ). At day 15, expression persists in the metanephric mesen- nascent nephrons (C ). The expression seems to have a crescentic or
polar distribution in nascent nephrons (C, arrowheads). On day 17 andchyme (C ), while on day 17 and day 19 (newborn) mice, progressively
decreasing mRNA expression is observed in the subcapsular residual day 19 (newborn) mice, progressively decreasing mRNA expression is
observed in the cortical immature nephrons (E and G ). At day 17, themesenchyme (E and G ). At 1 week, a mild expression, above back-
ground, is detectable in the glomeruli (I, arrowheads) and is not detect- expression persists in the maturing ureteric bud branches (E). At 1
week, a mild expression is detectable in the some of the subcapsularable in the medullary tubules. With the 30 mmol/L d-glucose treatment,
the day 13 explants’ size is relatively reduced, and mRNA expression nascent glomeruli (I ) and is not detectable in the tubules. With the 30
mmol/L d-glucose treatment, the day 13 explants’ size is relativelyper unit area also seems to be notably decreased (B vs. A). Similarly,
at day 15, day 17, day 19 (newborn), and 1-week-old mice, the kidneys reduced, and mRNA expression per unit area also seems to be drasti-
cally decreased (B vs. A). Similarly, at day15, day 17, day 19 (newborn),are relatively small, and the mRNA expression is relatively less com-
pared to the corresponding stage of the gestational and postnatal periods and 1-week-old mice, the kidneys are relatively small, and the mRNA
expression is relatively less compared to the corresponding stage of the(D, F, H, and J vs. C, E, G, and I). The expression in renal glomeruli
of mice from diabetic mothers is almost undetectable (J, arrowheads). gestational and postnatal periods (D, F, H, and J vs. C, E, G and I). The
expression in the nascent glomeruli of 1-week-old mice from diabeticThe radioactive grains and kidney tissues have different colors because
of the use of oblique- and transilluminations in different experiments mothers is almost undetectable (J).
for photographing the in situ autoradiograms.
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Fig. 5. Comparison of analyses. Sodium do-
decyl sulfate-polyacrylamide gel electropho-
resis (SDS-PAGE) analysis of recombinant
(His)6-tag mRNA expression of mesodermal
specific transcript (MEST) protein, generated
by using pTrcHis2A expression vector and
prokaryotic BL21(DE3) bacterial host (A). A
prominent band of 38 kD is seen after iso-
propylthiogalactocide (IPTG) induction in the
whole Escherichia coli lysate in two different
cDNA clones. After Ni affinity chromatog-
raphy a single band of 38 kD of purified
protein is seen in the lysates of both the cDNA
clones. The authenticity of the recombinant
MEST protein was verified by Western blot
analyses. Using monoclonal anti-His (B ) and
polyclonal anti-MEST antibodies (C ), a 38
kD band is seen in both blots for the recombi-
nant protein generated from two separate
cDNA clones. The expected size of recombi-
nant protein by sequence analysis is 34 kD
and the additional 4 kD mass is related to
the c-myc-(His)6-tag.
Expression of MEST protein in embryonic kidneys DISCUSSION
subjected to high glucose ambience Genomic imprinting is a non-Mendelian form of epige-
netic inheritance; and, as a result, the imprinted genes,The antibody generated above was used to assess the
MEST expression in day 13 explants, the stage when its such as H19 and MEST, exhibit monoallelic expression
[27–30]. They were discovered in early embryos; subse-mRNA abundance is relatively high. By immunofluo-
rescence microscopy, the expression was seen in the epi- quently, they were isolated and characterized by using
cDNA libraries generated from embryonal carcinomathelial elements of the explant rather than in the meta-
nephric mesenchyme (Fig. 6A). Interestingly, the ureteric (EC) cell line, MC12, and embryonic stem (ES) cells,
derived from blastocysts or inner cell mass [31, 32]. Thebud branches exhibited a notable degree of immunoreac-
tivity with the anti-MEST antibody. With the treatment latter form of embryoid bodies is in in vitro organ culture
systems with persistence of expression of imprintedof 30 mmol/L d-glucose, a generalized decrease in the
immunoreactivity was observed over the entire section genes. They are activated in the extra-embryonic cell
types in early postimplantation embryos and thus areof the metanephros, which, as expected, was reduced in
size as well (Fig. 6B). The reactivity was also notably thought to play a role during development [32, 33].
During midgestation, the mRNA expression of H19 isreduced in the epithelia lining the ureteric bud branches,
while the explants treated with 30 mmol/L l-glucose did primarily expressed in the ectodermal and endodermal
tissues, while the MEST is solely confined to the meso-not reveal any decrease in the anti-MEST reactivity (Fig.
6C). The metanephric explant sections treated with pre- derm-derived tissues, and their expression declines rapidly
during the subsequent stages and eventually disappears inimmune serum showed mild background fluorescence
staining (Fig. 6D). The decreased MEST protein expres- adult life. This may be the pattern of several other genes
and especially of the imprinted genes characterized bysion, noted in immunofluorescence studies with the treat-
ment of 30 mmol/L d-glucose, was confirmed by immuno- the expression of mRNA from a single parental allele
[30]. Imprinted genes are also believed to be involvedprecipitation methods. The explants were radiolabeled
with [35S]methionine, protein extracted, and the extracts in the embryonic growth and behavioral development
and, at times, because of their inappropriate expression,were utilized for the immunoprecipitation using anti-
MEST antibody. The SDS-PAGE autoradiogram of im- they may exert effects similar to those of proto-onco-
genes and tumor suppressor genes [29, 30]. In this regard,munoprecipitated metanephric proteins revealed a ma-
jor 34 kD band (Fig. 6E, lane 1). This 34 kD band a target mutation of MEST, a paternally imprinted gene,
seems to cause a general growth retardation of embry-is of similar size as that of the recombinant protein minus
the 4kDa c-myc-(His)6-tag. The intensity of the band onic and extra-embryonic structures, which may other-
wise appear normal [34], while disruption of H19 gene,decreased in the immunoprecipitated proteins isolated
from day 13 metanephric explants treated with 30 a maternally imprinted gene, is associated with over-
growth of the heterozygotes [35]. These target mutationmmol/L d-glucose (Fig. 6E, lane 2), suggesting a down-
regulated expression of de novo synthesized MEST. experiments, along with genomic imprinting pattern of
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Fig. 6. Low magnification immunofluores-
cence photomicrographs of day 13 embryonic
metanephric explants treated with low and
high D-glucose . The anti-mRNA expression of
mesodermal specific transcript (MEST) immu-
noreactivity is seen in the ureteric bud branches
(U) and epithelial elements of the metaneph-
ros (A ) rather in the metanephric mesen-
chyme as observed by in situ autoradiograms
(see Fig. 3A). With highglucose treatment, the
size of the day 13 metanephric explant is re-
duced, as well as the immunoreactivity (B ).
The inset is a higher magnification of (A)
showing anti-MEST reactivity with the ure-
teric bud branches. Metanephric explant cul-
tured in the presence of 30 mmol/L l-glucose,
followed by staining with anti-MEST antibody
(C ). No change in the anti-MEST reactivity is
noted compared to (A). Metanephric explant
cultured in the presence of 5 mmol/L d-glu-
cose, and then treated with pre-immune serum
(D ). A mild background fluorescence staining
is observed. Sodium dodecyl sulfate-poly-
acrylamide gel eletrophoresis (SDS-PAGE)
autoradiogram of the de novo synthesized
MEST (E ). The low (lane 1, 5 mmol/L) and
high glucose-treated (lane 2, 30 mmol/L) met-
anephroi were labeled with [35S]methionine
and the radiolabeled proteins extracted, im-
munoprecipitated with anti-MEST antibody,
subjected to SDS-PAGE and autoradiograms
developed. A major band of 34 kD is seen
in explants treated with 5 mmol/L glucose
(lane 1), while the intensity is notably reduced
in those treated with 30 mmol/L d-glucose
(lane 2), even when double the amount of
immunoprecipitated radioactivity is applied in
that lane.
H19 and MEST, suggest that they play a role in embry- ent sites in the embryonic metanephros (Figs. 3 and
4). Interestingly, the MEST mRNA was found to beonic development. Similar conclusions are drawn from
the observations of this investigation, which suggest that expressed in the loosely organized mesenchyme while
that of H19 in the ureteric bud branches and epithelialH19 and MEST are developmentally regulated with a
high expression during midgestation and abrupt cessa- elements of day 13 and day 15 metanephroi. The in
situ hybridization studies also revealed that besides theirtion in the postnatal period (Fig. 1). Interestingly, the
developmental expression of both the genes is somewhat strategic spatial distribution they were developmentally
regulated, that is, similar to the observations made inasynchronous. The MEST gene has an accelerated de-
crease in its expression following birth, while that of H19 Northern blot analyses. In view of such a stage-specific
spatiotemporal distribution of H19 and MEST, it is con-persists up to 2 to 3 weeks (Fig. 1 A vs. B), suggesting
that imprinted genes are differentially regulated during ceivable that they may be the integral part of the global
epithelial mesenchymal or paracrine juxtacrine interac-development. It is believed that there are more than 200
imprinted genes in humans; however, their differential tions that are believed to a play a critical role in develop-
ment of the mammalian metanephros [1–10]. Among theregulation and spatiotemporal distribution has yet to be
investigated. various epithelial mesenchymal or cell matrix interac-
tions, the best prototype is the dystroglycan-integrinIn our initial studies of representational difference
analyses of cDNA (RDA-cDNA) of metanephric genes (cell) nidogen-laminin (matrix) complex that is responsi-
ble for signal transduction and modulation of nephrogen-during embryogenesis, it was thought that since both the
imprinted genes (i.e., H19 and MEST) exhibit more or esis. Interference in these interactions, for example, anti-
body-mediated disruption of binding of laminin-11less parallel developmental regulation, it is likely they
may have a similar spatiotemporal distribution [18]. chain with nidogen or laminin 1-1-1 chains with 61
integrin receptor or laminin 1 chain with dystroglycanHowever, later studies [19] and the findings of the pres-
ent investigation suggest that they are expressed at differ- results in the inhibition of nephrogenesis and formation
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of polarized epithelium [36–39]. Another pertinent as- mal/endodermal-derived, seem to be affected by the high
glucose ambience stress.pect of cell matrix interactions is the spatiotemporal con-
centration of a given morphogenetic modulator that is The fact that both H19 (maternally expressed) and
MEST (paternally expressed) had a decreased expres-relevant to organogenesis. Interference in the concentra-
tion of cell-surface proteoglycans, expressed at epithelial sion with the metabolic stress does not follow the current
dogma of reciprocal imprinting where genes with differ-mesenchymal interface, by biosynthetic or enzymatic
means results in the branching dysmorphogenesis of vari- ent imprinting pattern exert opposing “tug-of-war”–like
actions [27–30]. The paternally imprinted genes usuallyous organ systems [8]. Besides the structural proteins
the mesenchymal secretory proteins that have enzymatic promote embryonic growth while maternally imprinted
ones suppress growth; in other words, the loss of oneactivities (e.g., metalloproteinases) also play a role in
development by complexing or interacting with those results in a gain in function of the other [30]. This is
exemplified in the H19 (maternally expressed) knockoutexpressed in the ureteric bud epithelia [40, 41].
The perturbations in the epithelial mesenchymal inter- mice where there is gain in function of IGF-2 (paternally
expressed) [34]. At present it is unknown whether suchactions with decrease in the concentration of proteogly-
cans at the interface has been reported in metanephroi a reciprocal activation/inactivation is applicable to the
imprinted genes of the metanephros undergoing variousexposed to high glucose ambience in an in vitro organ
culture system [20, 21]. The metanephroi exhibited metabolic or other forms of stress and future studies
should yield some information in this regard.branching dysmorphogenesis and marked retardation in
their growth. The growth of the metanephroi in the organ In terms of gene functions, obviously one has to also
demonstrate the translatability of the imprinted genesculture system has been shown to be regulated by a
diverse group of molecules, including growth factors, and isolation and characterization of their putative pro-
teins. Originally, Pachnis, Brannan, and Tilghman [32]such as insulin and insulin-like growth factors (IGFs) [7,
42–44]. It is interesting to note here that IGF-2 as well described H19 to encode a 14 kD putative protein.
However, in later studies, they refuted the translatabilityas its receptor, IGF-2R, and insulin are currently being
categorized as imprinted genes with monoallelic expres- of H19 and contended that it functions as RNA, although
it is transcribed by RNA polymerase II, spliced and poly-sion [45, 46]. Although IGF and H19 have opposing or
reciprocal parental imprinting patterns, they both have adenylated in a manner characteristic of mRNA [50].
Interestingly, adult skeletal muscle (ASM), a gene thatsimilar pattern of expression during early embryogene-
sis, fetal development, and smooth cell proliferation and has extensive homology with H19, encodes29 kD pro-
tein [51]. Presumably, ASM may be a duplicated formmyogenesis [47, 48]. Moreover, H19, a putative suppres-
sor gene, has been shown to have identical expression of the gene, which is devoid of cis-acting elements in the
5 untranslated region that has been reported to hamperpattern to c-mos, a proto-oncogene, during myogenesis
[49]. In view of the above and since both insulin-1 and the translatability of H19 [52]. In regard to MEST or
Peg1 (paternally expressed gene), there is no literature-2, and IGFs are paternally imprinted genes, studies
were undertaken to delineate the expression of H19 and report describing the isolation and characterization of
its protein. However, isolation and characterization ofMEST during metanephric development in a hyperglyce-
mic environment. Both had a relatively reduced expres- Peg3 protein, a highly homologous imprinted gene, has
been described in the literature [53]. Peg1 (MEST) maysion in kidneys of day 15 and day 17 fetuses, and newborn
and 1-week-old mice of diabetic mothers (Figs. 1, 3, and play a role in placental angiogenesis during embryonic
life [54]. It has partial nucleotide sequence homology4). Similarly, the day 13 metanephroi exposed to high
glucose had reduced expression of both imprinted genes, with the /-hydrolase fold family, and its cDNA has an
open reading frame (ORF) of 335 amino acids [55]. Theas assessed by competitive RT-PCR and in situ hybrid-
ization autoradiography (Figs. 2 to 4). However, the de- fact that we were able to isolate a 38 kD size recombi-
nant protein (Fig. 5) would support the notion thatgree of decrease in the mRNA expression was relatively
accentuated for MEST compared to H19 (Fig. 2). Simi- MEST (Peg1) is a translatable gene. Further confirma-
tion of the identity of its protein was obtained by Westernlarly, a relatively accentuated decrease was noted in kid-
neys of fetuses of diabetic mothers. These findings are blot analyses, in which a corresponding 38 kD was
visualized when anti-MEST antibody was used (Fig. 5).in accord with our previous observations indicating that
metabolic stress, like high glucose, is relatively more Moreover, using GFP vectors the MEST protein could
be expressed in the COS7 cells (unpublished results).injurious to the differentiating metanephric mesenchyme
undergoing apoptosis [20]. This may mean that mesoder- The hydropathic analysis seems to be inconclusive in that
MEST could either be a secretory or a transmembranemal/mesenchymal genes, like MEST, are relatively more
susceptible to injury during embryonic development. protein with two transmembrane helices [19]. If the latter
is the case, it may be involved in various cellular interac-Nevertheless, both the genes, mesodermal- or ectoder-
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